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A range of changes in the bronchographic appearances from the normal to the grossly abnormal is illustrated. The main changes in severely diseased lungs were: irregularity of the bronchial walls, failure of the walls to taper towards the periphery, areas of narrowing and dilatation, and 'pooling' of tantalum at the ends of airways.
A count was made of the numbers of small airway branches in the most distal 4 cm of the lung and also of the number of airways of less than 1 mm in diameter. Patients dying in cor pulmonale had a significantly reduced total number of patent small airways in the area measured and also fewer patent airways of less than 1 mm diameter compared to both the other groups.
Histological study of four of the lungs in greater detail revealed that the reduction in small airways filling was the result of a combination of obliteration and obstruction of the lumen by pus. Tantalum bronchography provides a good indication of the state of the bronchial tree at the time of death, and the changes seen are the result of both acute and chronic disease processes.
The site of obstruction in chronic obstructive airways diseases has been variously located by different observers. Gandevia (1963) , Fraser and Pare (1970) , and Macklem, Fraser, and Brown (1965) demonstrated excessive changes in the lumen of the larger airways of chronic bronchitics on respiration and even complete occlusion on coughing. They therefore placed the site of obstruction in the larger airways.
More recently, Hogg, Macklem, and Thurlbeck (1968) have investigated the pressure relationships in the airways by using wedged intrabronchial catheters. They have demonstrated that in the normal lung the central larger airways provide about 75% of the airway resistance and the peripheral airways (2 mm or less) the other 25%. However, in patients dying of chronic airways obstruction the increase in total resistance to air flow was provided by an increase in the resistance of the smaller passages. The histology of these airways showed areas of mucous plugging, oedema, inflammation, and fibrosis.
Tantalum bronchography allows the radiographic investigation of the smallest airways down to respiratory bronchiole level (Gamsu et al., 1971; Nadel, Wolfe, and Graf, 1968 The following qualitative assessments were made of the bronchograms: the regularity of the bifurcations; the regularity and smoothness of the bronchial walls; the presence of dilatations and strictures of the bronchial walls; and the presence of cystic spaces.
A quantitative assessment of the most peripheral 4 cm of airways outlined was made by counting the number of branches and measuring their diameter using a calibrated magnifying glass.
The lungs were then inflated with 10% formol saline, introduced by a catheter in the left main bronchus, until the pleural surface was smooth. Following fixation in this state samples of the bronchial tree were taken from three sites: (1) the left main bronchus just proximal to its bifurcation; (2) the bronchus to the basal segments (the bronchus immediately below the origin of the bronchus to the apical segment of the lower lobe); and (3) the bronchus to the inferior segment of the lingula 5 mm beyond its origin (Restrepo and Heard, 1963) . Transverse blocks were embedded in paraffin and stained by haematoxylin and eosin and periodic acid Schiff, following which they were projected at a magnification of 20 diameters on to a point-counting grid (the points were at the angles of equilateral triangles of side 0 6 cm) (Dunnill, Massarella, and Anderson, 1969 (Heard, 1958) three or four slices of lung were examined to determine the amount and type of emphysema present. This was done using a plastic grid and a point-counting technique (Dunnill, 1962) . The number of points falling on emphysematous areas was expressed as a percentage of the total point count of each slice and a mean was calculated for the three or four slices counted. Using a stratified random sampling technique (Dunnill, 1968) , 20 blocks were selected from each lung, embedded in paraffin, and stained by haematoxylin and eosin. These were examined for evidence of acute inflammatory changes in the bronchi and bronchioles.
Four of the cases were examined in greater detail histologically to determine the degree of airway filling by tantalum. A segment of lung, which appeared to be well filled radiologically, was excised, and multiple sections were taken to include all the airways in the distribution of the bronchus catheterized from the site of the catheter tip to the pleura. The number of airways lined or filled with tantalum was expressed as a i, . percentage of the total number of airways present in all the sections. The hearts were fixed, following examination of the coronary arteries, in 10% formol saline for 72-96 hours. They were then dissected, according to the method of Fulton, Hutchinson, and Morgan Jones (1952) , and the right and left ventricles were weighed separately.
RESULTS
Of the four cases examined to determine the extent of filling of the airways, the two with no respiratory disease showed a high degree of success. In case 8, 36 out of 43 (88%) airways were lined by tantalum and in case 14, 76 out of 84 (90%) were similarly lined. Figure 1 shows a bronchiole of approximately 0-5 mm in diameter which has been adequately filled with tantalum. The two cases dying in cor pulmonale showed a lower degree of filling. Case 11 had 54 out of 79 airways lined (68%), and case 12, 23 out of 63 (37%). These patients died from an acute suppurative bronchitis and the airways which were not lined by tantalum were noted to contain a purulent exudate in the lumen. On occasion a I I diameter, filled with tantalum dust 'false' lumen lined by tantalum was observed in the centre of a pus-filled airway. An example of this is shown (Fig. 2) .
The qualitative changes associated with chronic airways obstruction are best appreciated in illustration. Figure 3 shows a radiograph of an entire left lung which had tantalum insufflated into six segmental bronchi. The airways are delineated right out to the pleura in all regions. This is a lung from a patient with no clinical or pathological evidence of respiratory disease. A higher power view of the peripheral airways, from the same case, is shown in Figure 4 . The bronchial walls are smooth and taper gradually towards the periphery. Regular branching of the airways is also present. Figure 5 illustrates the peripheral branches in a patient with pathological changes of chronic bronchitis and emphysema but who did not die from respiratory disease. The walls of the bronchi are slightly irregular throughout with more marked areas of constriction and dilatation in some places. The number of branches is slightly reduced but there is still filling of the smallest airways and alveolar space. Several pools of tantalum can be seen at the ends of airways. These have a similar appearance to the 'pools' illustrated by Leopold and Gough (1963) which they considered to be areas of centrilobular emphysema. Figure 6 shows the severest changes that were found. This is from a patient dying of cor pulmonale due to chronic airways obstruction. There is marked irregularity of the walls, and a lack of tapering is also seen. The number of branches is greatly reduced and this involves all the smallest branches of the bronchial tree.
Using the criteria described, it was possible to place each lung into one of three broad groupsnormal and moderately or severely diseased. This was an arbitrary division as the changes ranged in a gradual progression from normal to the most severe grade. It was also noted that the changes were not uniform throughout the lung. One area could show moderate changes while another might be more severe.
The numbers of airway branches which were counted in the peripheral 4 cm of the radiographs are shown in Tables II, III , and IV and also the number of branches of diameter less than 1 mm. The mean number of branches, in the area measured, in group 1 (no respiratory disease) was 37 4 as compared to a mean of 15 1 in group 2 (dying of cor pulmonade). This is a significant difference of means (t=4 46; P<0 001). The mean number of branches in group 3 (non-fatal respira- tory disease) was 32-3. This is not significantly different from the mean of group 1 (37-4) (t= 0-662; P=0-50). Similar results were obtained on comparing the number of airway branches, of less than 1 mm diameter, in the three groups. The mean number of branches, of this size, in group 1 was 305 as compared to 10-8 in group 2. This is a significant difference of means (t=4-17; P= 0-001). There was no significant difference between the mean of group 3 (28-16) and the mean number of small branches in group 1 (30 5 bronchitis has been estimated at 12% in a general practitioner survey of 1569 patients in the general population (College of General Practitioners, 1961) , and the pathological incidence has been found to be 31% in a necropsy series (Scott, 1973) . Emphysema has been found in 74% of a series of necropsies in London (Heard and Izukawa, 1964) , 73% in Edinburgh (Heard and Hossain, 1970) , and 74% in Glasgow (Roberts and Scott, 1972) . Only a small proportion of patients with evidence of chronic airways obstruction, however, die as a result of it. Fletcher (1958) found that deaths attributed to chronic bronchitis amounted to 10% of all deaths of men between the ages of 45 and 64 years. Patients who die of chronic airways obstruction usually do so following the development of cor pulmonale. This investigation has shown that loss of distal small airways is the part of the disease complex which appears to be most closely related to death in cor pulmonale. Tantalum bronchography is therefore of use in showing the site and extent of the obstruction in chronic airways obstruction but gives little indication as to the nature of the obstruction. From the few cases examined in greater detail histologically it would appear that the obstruction is a mixture of postinflammatory fibrosis in the walls of airways with narrowing or complete obstruction of the lumen, as suggested by Esterly and Heard (1965) and Bignon et al. (1969) , and mucous plugging of airways, as stressed by McLean (1958) . It is not possible, using a bronchographic method, to determine whether a bronchus has not filled because of obstruction of the lumen by pus or because it has been permanently obliterated. The postmortem bronchogram therefore is a good representation of the state of the airways at the time of death, and the appearances show the combined effects of acute and chronic disease. However, the changes seen in the bronchial walls, other than obstruction of the lumen, such as irregularity of the wall, failure to taper, and areas of narrowing and dilatation, can be considered as indicative of chronic disease.
Acute inflammatory changes in the small airways are also important, as shown by the fact that histological sections of the lungs from all Postmortem assessment of chronic airways obstrtction by tantalum bronchography the patients dying in cor pulmonale showed these changes, but they were present in only half the cases in the non-fatal respiratory disease group and in two out of nine normal cases. These changes were seen in randomly selected blocks from the whole lung and not just from the areas insufflated with tantalum. A more systematic sample from these areas only may have produced slightly different results as acute inflammatory changes could be more severe in one area of the lung than in another, rather than evenly distributed throughout it.
It is possible that small airways are not shown on the bronchograms due to technical problems of filling all the airways with tantalum. The degree of success, approximately 90%, in filling the airways of normal lungs suggests that this is not a very significant factor. Also in the abnormal lungs studied it has been shown that airways which do not fill with tantalum are usually full of mucopurulent secretion.
The accuracy of the bronchographic measurements made in this investigation would appear to be adequate for the sizes of airway diameter involved. Pump (1964) found that the terminal bronchiole varied in diameter between 0 325 and 0 875 mm and that the respiratory bronchiole varied from 0 131 to 0 875 mm. These diameters vary with the degree of inflation of the lung (Hughes, Hoppin, and Wilson, 1972 ). An attempt was made to overcome the latter problem by maximally inflating the lung and taking radiographs when it was in a steady state. By using long focus film distances of between 100 and 200 cm the possible magnification error, due to the unknown position of the bronchi within the lung, was reduced to a maximum of 15%. It was therefore decided not to use the very accurate, but cumbersome tube shift method derived by Hughes et al. (1972) . The percentage error in the measurements, using a focal spot with an effective diameter of 1-6 mm and the focus film distances 
